Indiv.d.duals SU£fering from prostatism often bave renal function which is definitely though not irreparably damaged. That is to say, after varying periods of uninterrupted vesical drainage renal function materially improves. What then is the portion of the kidney that is not irreversibly impaired by the urethral obstruction?
Is the priJlla.ry effect on the tubule, the glomerulus or both? An attempt to localize the pathology in partially reversible renal dysfunction constitutes the essence of this thesis.
In order to ascertain the site of pathologic physiology in the kidney, it was considered imperative that some means must be employed to quantitatively estimate separately the !\mction of theglomerulus and the tubule. Two such tests have been described, inulin clearance for the determination of glomerular function and phenol red clearance as an .. index of tubule activity. However, before approaching the experimental aspects of this problem it will be advisable to review briefly the essentials of renal microscopic .. anato~ and physiology.
The mammalian kidney, though apparently at first sight a very complicated organ, is a relatively simple anatomic structure composed of almost innumerable similar functional units. The nephron, the essential functional unit of the kidney, is composed of two distinct parts, the glomerulus and the tubule. The glomerulus and tubule are primarily concerned with urine formation while the joining collecting tubule constitutes the first of a series of conduits; the collecting tubules, the kidney pelvis, the ureter, the bladder and the urethra.
Embryologically the glomerulus and tubule are derived from different anlagen and develop independently. J9Tentually the'S' shaped tubule which is an entirely closed structure, expands on one end and invaginates. By invagination it develops a concavity on one side into which a tuft of blood vessels grows and becomes engulfed. The other end of the tubule during this process connects with a collecting tubul'e and thus the basic element of the kidney, the nephron, is created.
The glomerulus consists of an almost spherical tuft of capillaries supplied with blood through a short, wide afferent arteriole which in tum is a branch of the interlobular artery.
The capillary tuft is formed b,y the abrupt division of the afferent arteriole into 2 to 4 primary branches which in turn subdivide again, at times into as many as 50 capillary loops, each loop having a length of 2 to :3 times the diameter of the whole tuft.
The capillaries do not anastomose with each other, but coalesce into an efferent arteriole which breaks up further into a secondary capillary system around the tubules. The efferent arteriole of a particular glomerulus doeslnot necessarily supply the adj oining tubule. In fact, the medull.ary' portions of the longer tubules are orban supplied by the efferent arteriole of the nearest glomerulus.
The glomerulus or capillary tuft is thrust so far into the expanded but closed end of the tubule that the tuft is completely The thin segment may include, as it often does, the loop of Henle though on occasion this segment may occur before the "hair pin" bend occurs. Also, on occasion the thin segment may be entirely absent.
However, it must still be considered as a purpos eful functional unit of the nephron because of its persistent mammalian presence and less distinct development in the more primitive fonns.
In the ascending loop of the tubule the cells gradually become cuboidal and finally columnar. The cytoplasm is more finely granular than in the proximal part of the tubule and has no brush border. The mitochondrial striations are less distinct.
The cytology of the collecting tubules suggests their Cushny considered, as did Indwig, that the energy of glomerular fluid was that of the plasma laCking the protein constiuents. From this basic assumption, Cushny reasoned that substances in the plasma but absent from the urine must have of necessity been reabsorbed. In addition, substances whose concentration in the urine exceeded the concentration in the plasma must have been created by the reabsorption of water in the tubules. Clashny That the glomerular membrane acts only as a filter is strengthened by' the work of Bayliss, Keridge and Russe1 2 since they found by injecting various substances intravenously into cats, that the glomerular membrane would pass substances with molecules smaller than that of serum albumin (molecular weight 72,000).
A more recent method of demonstrating glomerular"filtration is the identical excretion of several substances relative to their respective plasma concentrations. This has been demonstrated specifically in the dog for inulin, creatinine and ferrocyanide and after the administration of phlorizin to block the reabsorption of sugars, it has been likewise demonstrated for glucose, xylose and sucrose. Filtration rather than cellular activity must be the explanation since it is inconceivable that six different products can be handled identic~ by cellular activity.
Tubule activity has been studied though its physiology has not been entirely clarified. The tubules have in addition to the mechanical function of conduits the function of reabsorption and excretion.
The activity of reabsorption can be demonstrated experiment~ in a number of ways. Although the bulk of this work has been done on Amphibia much of the evidence can be transposed to a degree to elucidate mammalian tubule physiology. 41 Richards and his co-workers :
who catheterized the tubule, demonstrated that glucose was actively removed from the tubule in its proximal portion. Chlorides on the other hand were removed in the distal tubule where sodium bicarbonate was also returned to the body since it was found that in this portion of the tubule the urine suddenly became acid (Montgomery and Pierce 39). Furthermore, the distal segment was found largely responsible for the reabsorption of water. This can be seen by these experiments in the dog and rabbit.
We have seen now that the glomerular activity is limited primarily to filtration and tubule activity is a complex pbysiologic mechanism embracing both excretion and reabsorption. How then are we to measure renaJ. function as a whole, as well as the specific functionaJ. ability of the two components of the nephron;
namely, the glomerulus and the tubule? In order to ascertain the value of any sub~tance for the estimation of glomerular function, certain specific criteria must be fulfilled.
1. The substance must be completely filterable through artificial membranes that are impermeable to plasma proteins, but permeable to smaller molecules.
2. As presumptive evidence against tubule excretion, the substance should not be excreted b.r the aglomerular fish kidney.
5.
The clearance of the substance should be independent of a wide range of plasma concentration.
4. Whenever the simultaneous clearances of two or more substances are identical under a wide variety of conditions it may be assumed that the activity is glomerular since the variable factors of tubule function are not evident.
5. If one assumes that phlorizin completely blocks the tubules, then the substance in question should hBYe the same clearance as simultaneously administered glucose.
In the following paragraphs inulin will be examined on the basis of these criteria. In the normal animal glucose is absent from the urine;
however, ai'ter phlorizin the glucose/inulin ratio reaches 1.0 in the dogfish 5l , dog 52 and chicken, indicating that phlorizin completely blocks the reabsorption of glucose in these animals.
In man 56 the ratio has never been raised above 0.89 and this is very llkely due to inadequate phlorizin dosage.
Hence, from the observations related in the preceding few paragraphs, it is practically certain that the renal elimination of inulin is primarily by filtration, at least any reabsorption by the tubules is negligible. 1. ConSidering the glomerular filtrate to be protein free and renal blood flow within reasonable limits, there is an insufficient quantity of unbound dye in the plasma to account for its urinary concentration by filtration.
2. Phenol red excretion is not dependent on the plasma level, as would be expected for a substance excreted b,y filtration, but decreases as the plasma level is raised.
Low plasma levels of phenol red produce clearances of this dye which greatly exceed creatinine in the dog and there is good evidence that creatinine is excreted only by filtration in this animal. that the combination between dye and protein in man can be demonstrated by the usual adsorption isotherm -xlm = Kc l/n • For man the factor for K remains 0.85 irrespective of renal dysfunction and the value for lin is less than 1,0 which precludes the idea that the free dye in plasma increases as the total concentration of phenol red increases.
There is one phenomenon, in so far as tubule excretion of dye is concerned, that must be considered at this point, although its mechanism is not entirely clear. That is, these cells are capable of doing only a specific maximum of work and if the limit of this is exceeded, the tubule ceases to function as actively. Since the depression of the phenol red phenomenon is reversible it is indicative of two facts: (1) that the dye is not toxic to the cellular structure of the tubule and (2) that no ... 59 dye stuff is stored with the tubule cells. This depressed excretion phenomenon is typical of renal tubule activity and demonstrated by . 51 55 all substances excreted by the tubules, ie., creatinine ' , phenol red, hippuran 14 ,16 and urea 55 ,68.
As was stated before, a portion of phenol red in the plasma is combined and a portion is free. Hence, it must of necessity be true that the free form is subj ect to filtration and so long as of the dye clearance, or 94 per cent of the total dye excreted, to be accounted for by tubule excretion. On the other hand, hippuran and diodrast which are handled similarly by the kidney, demonstrate a plasma clearance of 600 cc. Therefore, since the renal blood flow cannot be less than this value (600 cc.), it may be assumed that the phenol red clearance is then but 66 per cent.
From the above discussion it may be assumed that phenol red is, within certain limitations, a satisfactory dye for estimating tubule ~.
function. Also, previously in this paper it was shown that inulin is a satisfactory substance for determining glomerular activity.
The problem now arises as to whether or not these substances in In man, when the phenol red plasma. concentration is kept below " 1.0 mgm. per cent (the critical concentration), the phenol red/inulin clearance ratio has a value of 5.5. As the plasma. concentration of the dye is increased, the ratio is necessarily depressed until it may not exceed 0. 89 16 • The value of the phenol. red/inulin clearance ratio will be discussed more fully in a later section of this paper.
II. EXPERIMENTAL MErHOD

.h Selection ~ Preparation of Patients for study
The patients used in this experiment were selected at random from admissions to the Urological Service of the Louisville City Hospital. The studies were undertaken on patients whose ages varied from 52 to 78 years, and who had symptoms of prostatism for more than two years, and whose clinical and laboratory picture did not indicate the presence of any nephritic lesion. Oystoscopic studies were done to determine the amount of prostatic obstruction in each case. Originally it was hoped that it would be possible to do these si.mlll taneous clearance test s on individuals who bad marked renal damage at the time of admission, but it so happened that during this experimental period no such cases were admitted to the hospital. 
Inulin Determination in Plasma
The method of' measuring quantitatively the amount of inulin in plasma and urine was that described by Corcoran and Page 9 • In principle this method makes use of' the fact that a blue compoUnd results from the combination of' diphenylamine and l~~se in the presence of' hot concentrated hydrochloric acid. This method was first described The inulin content of the plasma in question is determined by reference to the calibration chart (Graph I) which was prepared previously from samples of pure levulose in precipitating media treated as described for the final sugar free and protein free filtrate (treated as described above following the exhibition of yeast) •
Inulin Determination in Urine
Urine inulin is determined by the method described above, In order to obtain a true value for tubule activity, it is necessary to keep the plasma concentration of the dye below 1.0 mgm.
61
per cent • Hence, the amo'Wlt of qye in .2 cc. of plasma is so small that it can not be detected accurately. This difficulty was solved by adding a known amo'Wlt of dye (0.005 gms.) to each tube so that the plasma concentration came within range of the standard calibration chart.
In making plasma dilutions it must be remembered that the alkali added in order to give the maximum of color should be added after the plasma has been diluted with water, otherwise the plasma will suffer precipitation and the colorimetric determination will be inaccurate. A plasma sample must always be taken before the begiIIDing of the experiment so that the inherent chromogenic properties of the particular plasma. can be compensated for in the colorimeter. and if hemolysis is present the phenol red determination must be discarded.
Phenol Red Determination in Urine
The urine was diluted until its color fell within the range of the standard calibration curve. The chromogenic constituents of urine need not be considered since the dilution fa.ctor is so great that no appreciable error is introduced.
As in the case of Plasma phenol red determinations the concentration of dye is measured in the ~elyn colorimeter using a #520
filter. Blood samples should be collected at the exact mid-point between urine samples; however, if this is not accomplished and the blood not taken within two minutes of this time a correction must be made. Regardless of when the blood sample is taken, the exact time from the zero time must be known and this information will allow for the correct value for inulin or phenol red concentration to be ascertained by the following procedure. On ~emilogaritbm graph paper the two concentrations of blood inulin or phenol red are plotted on the logarithmic coordinate against time on the linear coordinate. A straight line is drawn between the two blood concentrations and the mid-point of the clearance period is then read. This is the mean plasma. concentration for the period.
~II. ~ERIMENTAL RESULTS
On the following two pages will be seen the tabulated results of the experimental work. Data such as the blood concentration of inulin and phenol red have been omitted purposely to maintain simplicity. These two figures would seem to indicate markedly impaired renal function though when the phenol red/inulin ratio is examined it is found to be 5.1 (normal 5.3). Hence, we can say that renal function is in this particular instance not L~paired as seriously as one would first believe by examining the clearance rates separately.
IV. !NTERPREl'ATION OF THE EXPERIMENTAL RES%TS
The advisability of simultaneous clearance rates has been definitely established in the literature and evidence here confirms this opinion.
Upon examination of the clearance rates before and after drainage it is seen that phenol red clearances seem to ha:ve improved more than the inulin clearances. This is depicted most clearly in the following tabulation; 55.86 From these figures it would seem that improvement in the tubule function, as compared to that of the glomerulus, occurs in a ratio of approximately 2:1. Obvious~ to establish this fact a larger series of cases would of necessity have to be investigated.
However, it can be said from even this small series that uriniferous tubule function seems to be more serious~ affected by partial urethral obstruction than the glomerular elements. Or that the tubule dysfunction is pa.rtial~ reversible especially in i ts ear~ stages, though when the obstruction is long standing (Case VI) the renal dysfunction apparently becomes fixed and continuous vesical drainage serves little purpose in reestablishing a satisfactory renal status.
It can be said then, in the final analysis of the experimental results obtained in this study, that renal function is improved following prolonged periods of vesical drainage in prostatism and that the increase is apparently more pron01mced in the tubule than the glomerular elements of the kidney.
The graph on the following page demonstrates that the improvement of total renal function continues to a certain point and then ceases. That is, apparent~ renal damage is reversible to a certain point and after that is irreversible. Just what determines the degree of irreversibility has not been determined. However, this factor of reversibility of renal functional damage has long been appreciated by urologists. In fact this stationary period bas been Hence, it is impossible to compare this work directly with that 64 of other authors. However, Strong studied recently the nephron, by microdissection during the early process of hydronephrosis. This author found that early in hydronephrosis the proximal convoluted tubule became markedly reduced in volume and his findings were similar to those of Suzuki 65 • Suzuki found that in vital staining with intravenous carmine the cells of the distal portion of the proximal convoluted tubule were stained very much less readily than the cells in the initial portion of the tubule. Hinman 24, working with rabbits and studying the problem of hydronephrosis, found that the tubule suffers damage before the glomerulus. In these various experiments" the urinary back pressure, though created by different means, was still in its early stages and from that point of view one might at least imagine that the situation was somewhat comparable to the urinary obstruction of prostatism and it is of interest that the results of this work support his findings.
VI. SUMMARY AND CONCLUSIONS
Renal dysfunction was investigated by the use of simultaneous inulin and phenol red clearance tests and the following observations were made:
1. Renal dysfunction in prostatism is primarily tubule dysfunction.
2. The disturbed renal function in prostatism is definitely improved by continuous vesical drainage.
5.
Renal damage due to prostatism is partially reversible.
Re-establishment of renal function is not complete, but reaches a peak be,rond which no further functional improvement occurs.
